Abstract. This paper aims to describe the performance of mix-glue laminated timber beams that are given a nylon strapping as external reinforcement with the three-point bending test to three groups of beams based on the span-to-depth ratio, i.e.: G11, G8, and G5 groups. Each group consists of three types of lamination compositions, namely: Type I, whole lamination consists of sengon wood; Type II, the placement of the coconut wood lamination as the outermost; Type III, similar to type II with added nylon straps with a distance of 5 mm. The bending test results show differences in elastic modulus, flexural strength and shear strength of the glue-laminated timber beams. Based on the comparison of glulam beams consisting of six laminations of sengon wood it was found that the placement of the coconut wood as the outermost lamination succeeded in increasing the elastic modulus, the flexural and shear strength of beams by 28%, 13%, and 34%, respectively. In addition, the reinforcement with nylon straps results in the modulus of elasticity, bending and shear strength of glulam to increase by by 41%, 2%, and 49% respectively.
Introductions
Sengon wood (Albizia falcatara) is a low-grade timber with a density of only 0.29-0.314 gr /cm 3 at 12-15% moisture content [5] . The low density of timber provides advantages in the heaviness of building structures. On the other hand, coconut wood (Cocos nucifera) has better mechanical properties and has a density of 0.64-0.96 gr/cm 3 [1] . As a result of plantations, these two timber species have the potential for adequate availability [3, 6] . Unfortunately, the utilization of these two types of wood for structural components of buildings, especially in Indonesia, is still minimal. This is because of the low mechanical characteristics of sengon wood and the varying grades of coconut wood density.
Improvement of the performance of low-grade timber can be done through the implementation of mix-glue laminated timber system (mix-glulam). The mix-glulam timber consists of two or more species of wood with different strength grades and is bonded with adhesion. The high-grade timber was placed as the outermost lamination and the low-grade as a core lamination. As an example, the mix of poplar and eucalyptus can produce an elasticity 51% higher than the modulus of elasticity of poplar individually. Likewise, the bending strength increased by 35% when compared to poplar solid beams [4] . In addition, performance improvement of timber beams can also be produced by an external reinforcement. The strengthening generally applied the addition of non-wood materials such as glass fiber, FRP, GFRP and steel plate on the timber beam. These materials have a much higher strength than timber. Some studies suggest that strengthening using ingredients can increase the bending strength and stiffness of timber beams significantly. Strengthening of tension zone of timber beams by steel plates resulted in increased bending strength by 41% and stiffness by 20% [8] . The application of glass fiber-reinforced polymer (GFRP) on the side of the timber beams along the shear span has resulted in an increase in shear strength by 40% [7] .
Therefore, this study aims to describe the performance of glulam mixed beams consisting of coconut wood on outermost laminations and sengon wood on core laminations. This will also explain the effect of nylon-strapped applications as external reinforcement on beam performance. The development of this mix-glulam system is expected to expand the scope of utilization of sengon wood and coconut wood while reducing the dependence of the timber supply from forests.
Experimental programs

Specimen preparation
The lamina materials to be used are sengon wood and coconut wood obtained from the sawmill industry in Malang, East Java. Before use, the laminae are dried for about three months. This drying is done naturally in an open-topped location until the water content is about 12-16%. Then, density examination and material sorting were conducted in accordance with the local control set. The density of the sengon and coconut wood used was 0.32-0.34 gr/cm 3 and 0.58-0.85 gr/cm 3 respectively. The materials of lamination that had a density outside the determined value were then set aside and not used.
After the lamina has been determined to be used to make glulam-beams, the lamina surface is then flattened using a planer machine. This process is intended to obtain a uniform lamina dimension of 2.5 cm in thickness, 6 cm in width and 200 cm in length. This process will simultaneously clean the surface of any lamina from the dirt that might inhibit the gluing process. So, the laminae were grouped based on the composition plan as shown in Figure 1 .
Furthermore, the glulam beams are divided into three groups based on the span to height ratio i.e.: group G11(L/h = 11.2), group G8 (L/h = 8.8) and group G5 (L/h = 5.2). Each group consisted of three types of beams according to the lamina configuration: type (I) beam consisted of six laminations of sengon wood; type (II) beam consisted of four laminations of sengon wood in the core zone and one lamination of coconut timber in each of the top and bottom; type (III) beam was similar to type (II) but it got external reinforced nylon straps. Every type consisted of three beams, so the total glulam beams were 27.
After all, laminations were ordered and grouped based on their types, then the adhesive of two sides was spread. As an adhesive, a mixture of urea-formaldehyde-resin powder (UF) and water is used. For the adhesive composition, two parts of UF powder and one part of water is used. In this case, the gluing is done with a glue spread rate of 350 g/m 2 . The glue spread process was done for a maximum of 15 minutes for every beam. Then, it was followed by putting horizontal and vertical clamps with spaces of 25cm along the beams. For next step, a cold pressure was done by applying a pressure force of 2.0 MPa. This was done by using a hydraulic jack at the point where the clamp was attached. In this step, the horizontal clamp was released immediately at the moment the pressure started working. After the process of pressure was done, it was then followed by adhesion maturation. This was done by putting the beam with an attached clamp on a flat surface for about18 hours.
When the gluing was perfectly done, then vertical clamp was released. Leveling with a planner to achieve a width of 55 mm was done when all beams in all groups were completely glued. The top and bottom side of the beam were not planed because the intended beam depth was achieved. The final stage was the application of nylon straps to every beam from the type III group. The nylon used was in the form of 1.0 mm diameter threads. The application was done by wrapping the nylon fiber manually. The stages above are applied to each laminated beams as schematically shown in Figure 2 . 
Static three-point bending test
The static three-point bending test of glulam beams is intended to obtain data on the load-deflection of each glue laminated beam. The test was carried out according to ASTM D198-02 [2] . The instrument configuration of the static three-point bending test beams is presented in Figure 3 . 
Experiment results
Mechanical properties of glulam beams
Average value of mechanical properties of glulam beams is presented in Table 1 . 
Load-displacement curve
Glulam beams group G11
The load-deflection curve of the G11 group is presented in Figure 4 . All beams went through a linear and nonlinear phase before reaching failure. The nonlinear phase of the type I-beams was longer than that of type II and III. Additionally, the type I-beams fail at a lower load. 
Glulam beams group G8
The load-deflection curve of the glulam beam group G8 is presented in Figure 5 . There is no significant difference in behavior between the types of beams. The linear phase is more dominant for all of them have until reaching failure. 
Glulam beams group G5
The load-deflection curve of the glulam beam group G5 is presented in Figure 6 . There are differences in the pattern of the curve between the three types of glulam beams. The loaddeflection curve of the type I-beams show a clear difference between the linear and nonlinear phase, but not so for type I and III. Beams of type II and III did not show a nonlinear phase up till failure was reached. There was a significant increase in the maximum load when compared with type I of glulam. 
Discussion
Effect of formation of laminations and reinforcement to the modulus of elasticity
Placement of coconut timber as the outer zone of glue-laminated timber beams and strengthening with nylon fiber straps produced a significant increase in modulus of elasticity for the beams. Figure 7 shows that the placement of coconut timber lamination increases the modulus of elasticity by 28%. The strengthening with the nylon strap increased the modulus of elasticity by 41%. The comparison between laminated beam types II and III obtainedthe fact that the nylon fibers straps improve the modulus of elasticity of the beams by 13%. So the modulus of elasticity of glue-laminated timber beams is significantly affected by the composition of the laminae. This suggests that the strength increase of the outer zone lamination will increase the strength of the laminated beams as stated by [10] . However, when referring to the apparent modulus of elasticity as shown in Table 1 , the changes that occur in addition due to being affected by the configuration of the lamination, are also influenced by the span-to-depth ratio of the glulam beam, in line with [9] . If the L/h value is getting smaller, it would also reduce the value of the modulus of elasticity. Thus, the decrease of the L/h value produces an increase of shear strength of the beam. 
Effect of formation of laminations and strengthening to bending and shear strength
Based on Figure 8 the fact that the bending strength of glue-laminated timber beams is influenced by the configuration of the lamina can be seen. In the G11 group, the placement of coconut timber as the outer lamina and nylon fiber strengthening only provides an improved bending strength by 13% and 2% respectively. On the other hand, the placement of the coconut wood laminations and the reinforcement with nylon strapping produce a fairly high shear strength. In this case, the laminate formations II and III respectively produce a maximum shear stress of 34% and 49%, higher than formation I. 
Failure mode of glulam beams
The changes of the failure mode of glulam beams due to the composite action of sengoncoconut timber and nylon fiber reinforcement is presented in Figure 10 and 11. The effect of the placement of coconut timber as the outer lamina in glue-laminated timber beams with L/h = 11.2 is the reversal of the failure mode, from the compression failure to the tension failure. On the other hand, the beams reinforced with nylon fiber straps has contributed to a reduction in the damage intensity of the beams in failure. In this case, the failure mode of beam-type II and III are more brittle than that of type I. The shear failure occurred in all groups of beams with L/h = 8.2. The shear failure was indicated by a horizontal crack propagation from the support area to the midspan of the beams. In this case, the use of nylon fiber reinforcement leads to changes in the mode of failure. The flexural failure of the beam was starting from the tension side that is not reinforced. So the application of nylon fiber reinforcement to glulam beams with L/d=8.2 caused the failure mode to change from shear mode to flexural mode.
Conclusion
The bending test results of glulam-beams shows differences in the elastic modulus, flexural strength and shear strength of the three types of glue-laminated timber beams. Placement of coconut wood as outer lamination and strengthening using nylon is very effective to increase the bending and shear capacity of glue-laminated timber beams. Based on the comparison of glulam beams consisting of six laminations (type I) of sengon wood it was found that the placement of the coconut wood as the outermost lamination succeeded in increasing the elastic modulus, the flexural and shear strength of beams by 28%, 13%, and 34%, respectively. In addition, the reinforcement with nylon straps results in an increase in the modulus of elasticity and shear strength of glulam by 41%, and 49% respectively. In the case of bending strength, the reinforcement with nylon yarn is relatively unaffected.
